Introduction
Studies of vibration of plates have matured and are a well-established branch of research in structural dynamics. They have a vast range of applications in engineering and technology. But not much work can be found on vibration analysis of Functionally Graded Materials (FGMs) as compared to isotropic and composite plates and shells. FGMs are those in which the volume fraction of the two or more constituent materials is varied, as a power-law distribution, continuously as a function of position along certain dimension(s) of the structure [1, 2] . From the perspective of finite element method (FEM) studies of FGM, Praveen and Reddy [3] , studied the static and dynamic responses of functionally graded (FG) ceramic-metal plate accounting for the transverse shear deformation, rotary inertia and moderately large rotations in the Von-Karman sense, in which the effect of an imposed temperature field on the response of the FG plate was discussed in detail. Ng et al. [4] dealt with the parametric resonance of FG rectangular plates under harmonic in-plane loading. Ferreira and Batra [5] provided a global collocation method for natural frequencies of FG plates by a meshless method with first order shear deformation theory (FSDT). Woo et al. [6] presented an analytical solution for the nonlinear free vibration behavior of FGM plates, where the fundamental equations were obtained using the Von-Karman theory for large transverse deflection, and the solution was based in terms of mixed Fourier series. Zhao et al. [7] studied the free vibration analysis of metal and ceramic FG plates using the element-free kp-Ritz method. The FSDT was employed to account for the transverse shear strain and rotary inertia, mesh-free kernel particle functions were used to approximate the two-dimensional displacement fields and the eigen-equation was obtained by applying the Ritz procedure to the energy functional of the system. Batra and Jin [8] used the FSDT coupled with the FEM to study the free vibrations of an FG anisotropic rectangular plate with various edge conditions. Also, Batra and Aimmanee [9] studied a higher order shear and normal deformable plate theory by FEM. Many studies conducted on FGMs are related to the analysis of free vibration by applying FSDT (see [10] [11] [12] and the references there in). Other forms of shear deformation theory, such as the third order-shear deformation theory (TSDT) that accounts for the transverse effects, have been considered. Cheng and Batra [13] applied Reddy's third order plate theory to study buckling and steady state vibrations of a simply supported FG isotropic polygonal plate [14] . Vel and Batra [14] dealt with the threedimensional exact solution for free and forced vibrations of simply supported FGM rectangular plates using FDST and TSDT by employing the power series method. Nonlinear vibration and dynamic response of FGM plates in thermal environments were studied by Huang et al. [15] based on the higher-order shear deformation plate theory and general Von-Karman type equation. Static analysis of FG plates using TSDT and a meshless method were also presented by Ferreira et al. [16] . As for the first-order shear deformation plate theory (FSDT), the theory extends the kinematics of the classical plate theory (CPT) by relaxing the normality restriction and allowing for arbitrary but constant rotation of transverse normals. On the other hand, the second and third order shear deformation plate theory further relaxes the kinematic hypothesis by removing the straightness assumption; i.e., the straight normal to the middle plane before deformation may become cubic curves after deformation. The most significant difference between the classical and shear deformation theories is the effect of including transverse shear deformation on the predicted deflections, frequencies, and buckling loads [19] . A unified derivation of various shear-deformation models consists of Kirchhoff-Love type, Mindlin-Reissner type theory, third order theory, Layer-Wise theory and Exact-Solution. Librescu et al. [22] studied the correlation between two apparently different higher-order theories and First order transverse shear deformation theory (FSDT) of anisotropic plates. The Kirchhoff-Love assumptions were developed by Librescu and Schmidt [23] . The theory incorporates normal and shear deformation (transverse) as well as the higher-order effects, and accounts for small strains and moderate rotations of the normal. For experimental work, shear deformation validation and compared structural theories, Stoffle [20] measured and simulated vibrations of viscoplastic plates under impulsive loading and determined how accurately the measured deformations can be calculated by the chosen constitutive and structural theories. He assumed a first-order shear deformation shell theory and applied small strains and moderate rotations and viscoplastic laws. He applied short time measurement techniques to shock tubes in order to record fast loading processes and plate deformations. As mentioned above, shear deformation theories have been applied to consider transverse shear strains and rotation. Axisymmetric bending and stretching of functionally graded solid circular and annular plates were studied using the second-order shear deformation plate theory by Saidi and Sahraee [21] . Khdeir and Reddy [17] studied the free vibration of laminated composite plates using SSDT. Bahtuei and Eslami [18] also investigated the coupled thermoelastic response of a FG circular cylindrical shell by considering SSDT. To the authors' knowledge, not much work has been done in the area of the dynamic stability of FG plate by using SSDT. In this study, the free vibration of FG plates (rectangular and square) by using SSDT is presented. The material properties of the plates are graded along the thickness direction according to a volume fraction power law distribution. Classical elasticity is considered and the complete governing equations are presented. Navier's method is applied to solve the equations. This work aims to investigate the effect of some basic factors such as material properties, side-to-side and side-to-thickness ratio for FG quadrangular plates on simply supported boundary conditions.
Gradation relations
The most commonly used models for most of the literature that express the variation of material properties in FGMs is the power law distribution of the volume fraction. According www.intechopen.com to this model, the material property gradation through the thickness of the plate is assumed to be in the following form [10] :
Here E and  denote the modulus of elasticity and density of FG structure, while the parameters with subscript m or c represent the material properties of a pure metal and pure ceramic plate, respectively. The thickness coordinate variable is presented by 3 x while 3 22 hh x   , where h is the total thickness of the plate as shown in Figure 1 . 0 p  is the volume fraction exponent (also called grading index in this paper);   p xh 3 /1 / 2  denotes the volume fraction of the ceramic. A FG rectangular is considered as shown in Figure 1 . The material in the top surface and in the bottom surface is Full-Ceramic and Full-Metal respectively, and between these two pure materials, the power law distribution of material is applied. The most well-known FGM is compositionally graded from a ceramic to a metal to incorporate such diverse properties as heat, wear and oxidation resistance of ceramics with the toughness, strength, machinability and bending capability of metals [7] .
Elastic equations
Under consideration is a thin FG plate with constant thickness h , width, a , and length , b , as shown in Figure 1 . Cartesian coordinate system ( 123 ,, xxx) is used.
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Displacement field and strains
The SSDT is based on the following representation of the displacement field: ,,
Stress-strain relations
The stress-strain relations are given by [17, 19] . 11 11 12  11   22  12  22  22   23  44  23   13  55  13 12 66 12 000 000 00 00 000 0 0000
where ij q are the material constants given by www.intechopen.com 
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Equations of motion
For the case of a rectangular plate, K , U and V are the kinetic, strain and potential energies of the body, respectively. The summation of the potential energy of external forces and strain energy, UV  , is the total potential energy,  , of the body. Hamilton's principle for an elastic body is given by, 
Hamilton's principle, equation (8), along with the SSDT, given by equation (2), yields the complete form of the equilibrium equations: 13 
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Boundary conditions
For the case of simply supported boundary conditions of FG, as shown in Figure 2 , the following relations can be written: 
,0, 0 ,0, 0
Method of solution
The Navier method is used for frequency analysis of a simply supported FG plate. The displacement field can be assumed to be given by: 
 
where  is the natural frequency and 22 
By considering relations (18), equation (17) can be written as:
By solving equation (19) and considering appropriate values for n and m in equation (16) the fundamental frequency of a quadrangle FG plate can be obtained.
Validation and numerical results

Validation
The results obtained for a FG plate by applying SSDT are compared with the results obtained by using TSDT as in Ref [5] and the exact solution of [14] . The following nondimensional fundamental frequencies in Table 1 and Table 2 are obtained by considering material properties the same as [5] . Results in Table 1 and Table 2 show that the values obtained by SSDT are greater than those from TSDT and the exact solution. This is due to the fact that the transverse shear and rotary inertia will have more of an effect on a thicker plate. For the thick plates considered in this
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Numerical example
For numerical illustration of the free vibration of a quadrangle FG plate with Zirconia and silicon nitride as the upper-surface ceramic and aluminum and SUS 304 as the lower-surface metal are considered the same as [10]:
Results and discussion for the first ten modes in quadrangular FG plates
In the following Tables, free vibrations are presented in dimensionless form for square and rectangular FG plates. Tables 4 and 5 show the dimensionless frequency in square (a=b) SUS 304/Si3N4, FG plates. It can be noted that for the same values of grading index P , the natural frequency increases with increasing mode. The effect of grading index can be shown by comparing the frequency value for the fixed value of mode and changing the values of grading index p . It can be seen that, the frequency decreases with the increase of the grading index due to the stiffness decreases from pure ceramic to pure metal. Tables 6 and 7 show the dimensionless frequency in rectangular (b=2a) SUS 304/Si3N4, FG plates. The effect of grading index can be shown by comparing the frequency for the same value of mode and considering different values of grading index p as shown in Table 5 . It is clearly visible that the frequency decreases with the increasing grading index, caused by the stiffness decreasing with increasing grading index. For the same value of p , it can be said that the natural frequency increases with increasing mode. By comparing Tables 6, 7 and 4, 5 it can be observed that for the same values of grading index and mode, the fundamental frequency in square FG plates are greater than those in rectangular FG plates and by increasing the side-to-thickness ratio, the frequency also increases. It is evident that the grading index and side-to-thickness ratio effects in frequency are more significant than the other conditions. Figures (3) and (4) illustrate the dimensionless frequency versus grading index ( p ), for different values of side-to-thickness ratio ( / ah ) and side-to-side ratio ( / ba ), respectively. In Figure 3 , the effect of grading index ( p ) and side-to-thickness ratio ( / ah ) on dimensionless fundamental frequency of FG (SUS 304/Si3N4) plate is shown. It can be seen that the frequency decreases with increasing grading index, due to degradation of stiffness by the metallic inclusion. It can be observed that the natural frequency is maximum for fullceramic ( 0.0 p  ) and this value increases with the increase of the side-to-thickness ratio, since the stiffness of thin plates is more effectively than the thick plates. It is seen that for the values ( p ), for 02 p   the slope is greater than other parts ( 2 p  ). It can be said that for side-to-thickness ratios greater than twenty ( / 20 ah  ), the frequencies will be similar for different values of grading index. It can be noted that the difference between frequencies in /5 ah  and / 10 ah  are greater than differences of frequency between / 10 ah  and other curves for the same values of grading index p . And also it can be concluded that for / 20 ah  , the difference between the frequencies is small for the same value of grading index. The effect of grading index ( p ) and side-to-side ratio ( / ba ) on dimensionless fundamental frequency of FG (SUS 304/Si3N4) plate can be seen in figure 4 . It can be noted that the frequency increases with the increase of the / ba since rectangular plates can be treated as a one-dimensional problem for example, beams or plate strips. It can be observed that the frequency is almost constant for different values of grading index. (6) show variation of dimensionless fundamental frequency of FG (SUS 304/Si3N4) plate with side-to-thickness ratio ( / ah ), for different values of grading index ( p ) and side-to side ratio ( / ba ), respectively. It is seen from figure 5 , the fundamental frequency increases with the increase of the value of side-to-thickness ratio ( / ah ). It is shown that the frequency decreases with the increase of the values of side-to-side ( / ba ). It can be noted that the slope of frequency versus sideto-thickness ratio ( / ah ) for part 5 / 10 ah   is greater than those in another part (/ 1 0 ah  ). The variation of frequency with side-to-thickness ratio ( / ah ) for different values of grading index ( p ) is presented in Figure 6 . As expected, by increasing the value of grading index ( p ) the values of frequency decrease due to the decrease in stiffness. Similarly, in figure (5) while the 5 / 10 ah  , the slope is greater than another ratios. It can be noted that for the values of grading index 30 p  , the results for frequency are similar. Figures 7 and 8 present the variation of dimensionless frequency of FG (SUS 304/Si3N4) plate versus side-to-side ratio (/) ba for different values of grading index () p and side-tothickness ratio (/) ah , respectively. figure 7 , it is shown that the frequency decreases with the increase of the value of side-toside ratio (/) ba for all values of grading index () p . It is seen that the frequencies for FG quadrangular plates are between that of a full-ceramic plate and full-metal plate. As expected the frequencies in a full-ceramic plate are greater than those in a full-metal plate. The results for dimensionless frequency versus side-to-side ratio (/) ba for different values of side-to-thickness ratio (/) ah in FG plate while grading index 5 p  are shown in figure 8 . It is seen that by increasing the value of / ba , the frequency decreases for all values of / ah . It can be noted for / 10 ah  the results are similar.
Results and discussion for the natural frequency in quadrangular FG (SUS 304/Si3N4) plates
Conclusions
In this chapter, free vibration of FG quadrangular plates were investigated thoroughly by adopting Second order Shear Deformation Theory (SSDT). It was assumed that the elastic properties of a FG quadrangular plate varied along its thickness according to a power law distribution. Zirconia and Si3N4 were considered as a ceramic in the upper surface while aluminum and SUS304 were considered as metals for the lower surface. The complete equations of motion were presented using Hamilton's principle. The equations were solved by using Navier's Method for simply supported FG plates. Some general observations of this study can be deduced here: 
The decreasing slope of the fundamental frequency for 02 p   , is greater than another part ( 2 p  ) for all values of side-to-thickness ratio (/) ah in square FG plate.  It was found that the fundamental frequency of the FG plate increases with the increase of the value of side-to-side ratio ( / ba ).  For FG plates, the slope of increasing frequency versus side-to-thickness (/) ah when 5/1 0 ah  is greater than another part (/ 1 0 ) ah  for any value of grading index and side-to-side ratio. 
The fundamental frequency versus side-to-side ratio ( / ba ) for FG quadrangular plates are between those of a full-ceramic plate and full-metal plate when / 10 ah  . From the numerical results presented here, it can be proposed that the gradations of the constitutive components are the significant parameter in the frequency of quadrangular FG plates.
